The cultivar Pérola is the most widely bean cultivar cropped. In the market, it is a reference in grain size, which is related to its mass, which, in turn, is influenced by the growing conditions. The objective was to quantify the 100-grain mass and the contents of mineral elements in the common bean cultivar Pérola, coming from the municipality of Cristalina, Goiás. It was selected 18 different areas in the city, under center pivot irrigation, where 86 samples of grains were collected during the crop harvest. The data were submitted to univariate statistical analysis, calculating maximum and minimum values, averages, amplitude of variation and coefficients of variation. It was determined the values of Pearson correlation between the contents of mineral elements in the grains. The 100-grain mass had wide range of values, from 17.30 to 33.50 grams. The composition of minerals in beans was, in descending order, N, K, P, Mg, Ca, S, Fe, Zn, Mn, B, Cu, Mo, Co. There was a significant correlation between the mineral elements present in beans, highlighting the correlation of K with S, Cu, Fe, B, Mn, Co and Mo.
Introduction
The variability in bean grain yield is high, given the different technologies used in production, farming systems, soil fertility, among others, and these factors have an effect on grain quality in terms of its mass and the mineral elements content. The grain mass is a yield component affected by the cultivar (Lemos et al., 2004) and the other components of productivity as plant population (Stone & Silveira, 2008) and production factors such as nitrogen fertilization (Cunha et al., 2011) and irrigation (Silva et al., 2008) . This production component is directly related to the grain size (Carbonell et al., 2010) , which is an important aspect for consumers and packaging companies (Chiorato et al., 2009 ). Coarse grain with sieve above 12 is a feature that promotes better market acceptance (Melo et al., 2007) .
The common bean (Phaseolus vulgaris L.) is a great source of nutrients for the Brazilian population, considering that a large part of the population has the habit of consuming beans daily (Ribeiro et al., 2008) . The mineral elements N, P, K, Ca, Mg, S, Fe, Mn, B, Cu and Zn are found in the grains in different amounts, varying the conditions under which the plant is grown and the cultivar (Mesquita et al., 2007; Ribeiro et al., 2008; Salgado et al., 2011) . In addition to the nutritional aspect, knowledge of the composition of these nutrients is needed in plant breeding works aimed at raising the levels thereof (Ribeiro et al., 2008) , as well as subsidies for fertilizer recommendation for the culture, aimed at restoring to the soil the mineral nutrients that are exported by the grains. This study aimed to quantify the 100-grain mass and the contents of the mineral elements N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, Zn, Co, and Mo in grains of the common bean cultivar Pérola, the most cropped Carioca bean cultivar and a reference in grain size in the market, coming from the municipality of Cristalina, Goiás.
Material and methods
The work was conducted in the fall/winter, in irrigated areas of commercial crops of common bean (Phaseolus vulgaris L.), cultivar Pérola, located in the municipality of Cristalina, Goiás, large producer of irrigated beans, the second largest producer in the country, situated in the East region, 47° 36' W and 16° 45' S, with an average altitude of 850 m. The predominant climate in the region is Cwa, humid mesothermal, with abundant rains in the summer, dry winters and hot summers, according to Köppen classification. The average climatic indicators are 1,600 mm annual rainfall, average temperature of 22 °C and 73% relative air humidity; the average temperature of the coldest months (June and July) is around 16 °C. The soils in the region are classified as eutroferric Red Latosol and eutroferric Red Nitosol of clayey texture and flat-to-wavy relief.
For the collection of grains, 18 areas in the city were selected, under center pivot, in which 86 turfs were established for the development of this work. For the definition of the turfs, it was observed the homogeneity of the area, based on the development stage of the bean crop, the existence and intensity of straw, the presence and intensity of concretions, the relief and the soil color.
The collection of grains was carried out early in the bean crop harvest. It was collected grains from 10 plants taken at random within each turf to form a composite sample. Each sample was identified, being quantified the 100-grain mass and the contents of the mineral elements N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, Zn, Co and Mo in the grains. For N determination, samples underwent digestion with H2SO4 and the element was determined by digestion-titration (Kjeldahl). For P, K, Ca, Mg, Cu, Fe, Mn and Zn, the samples underwent nitropercloric digestion. P was determined by colorimetry with ammonium molybdate, K by flame photometry, S by turbidimetry with BaCl2. Ca, Mg, Cu, Fe, Mn and Zn were determined by atomic absorption. For B, Co and Mo, samples were incinerated in a muffle furnace and the ash was dissolved in HCl 1M; Co and Mo were determined by atomic absorption, and B by colorimetry with azomethine (Embrapa, 1999) .
The data were submitted to univariate statistical analysis, and in the analysis of the data variability, the calculated descriptive statistical parameters were considered, as follows: maximum and minimum values, averages, amplitude of variation and coefficients of variation. It were determined the values of Pearson correlation between the contents of mineral elements in the grains. Statistical analysis was performed using the univariate procedure of the statistical program Statistical Analysis System -SAS.
Results and discussions
It was observed average 100-grain mass of 26.08 g, with a maximum value of 33.50 g and minimum of 17.30 g ( Table 1 ). The average value of 26.08 g is similar to that found by Andrade et al. (2004) , 26.65 g, but lower than those found by Ramos Junior et al. (2005), 28.50 g, and Lemos et al. (2004) , 33.10 g, all for the cultivar Pérola. The latter is similar to the maximum value found in this work and shows that one can find higher values of 100-grain mass for the cultivar Pérola than that reported in the description of the cultivar, 27 g (Pérola, 1999). Salgado et al. (2011) , in tests with bean genotypes in the state of Tocantins, observed for the 100-grain mass of the common bean cultivar Pérola the value of 38.77 g. The increase of a yield component, such as 100-grain mass, is a plant response to maintain stable productivity when another component is impaired (Stone & Silveira, 2008) .
Higher values of 100-grain mass imply that the grain size is larger and, according to Carbonell et al. (2010) , from 1998, with the launch of the cultivar Pérola, this began to be a size reference, with average size between sieves 12 and 13, becoming preferred by packaging companies and the final consumer, which define the market requirements.
The amplitude of values was high, reaching 16.20 g, showing that the culture was in very different growing conditions, with strong influence of the production factors on this component of productivity, causing this range of values within the same cultivar.
The low values of 100-grain mass may be due to poor management of irrigation, with interruption and/or reduction of water application in the stage of grain filling (Silva et al., 2008) , and cases with low levels of nitrogen, possibly employed in coverage, as observed by Cunha et al. (2011) . Lobo et al. (2012) observed higher grain mass in higher dose of nitrogen. It is noteworthy that all collections were made in irrigated areas and the management of irrigation and nitrogen fertilization is still empirical in the region, ranging from 60 to 120 kg ha -1 N, in coverage. In this case, the grain size is low and will surely be undervalued in the market.
Regarding the contents of chemical elements in the grain, the average values (Table 1) found for N, P and K were, respectively, 33.21; 4.50 and 13.25 g kg -1 , which shows that the chemical component of highest concentration in the grain is N, followed by K. Such nutritional demand order was also found by Andrade et al. (2004) , showing, however, values of 39.60; 3.70 and 11.00 g kg -1 for N, P and K, respectively, probably due to the cultivation of the common bean cultivar Pérola, being conducted in different place, soil and fertilization. According to the contents, 1,000 kg of grains export 33.21; 4.50 and 13.25 kg of N, P and K, different values, particularly for the N reported by Francelli et al. (2007) , 21.00 kg, ie, 41.85% higher. It is noteworthy to report that the maximum value was 45 g kg -1 , which makes this difference even greater. The high N content in the grain can be justified, again, as a result of cases of high doses of nitrogen fertilization in coverage.
For Ca, Mg and S, the average levels in the grain were very similar, being, respectively, 1.56; 1.74 and 1.54 g kg -1 . The same similarity occurred in the maximum and minimum values of these elements. Ca value is close to the values observed by Mesquita et al. (2007) , of 1.16 g kg -1 , average of 21 bean strains, and Fageria et al. (2008) , 2.2 g kg -1 , for cultivar Pérola. However, it is lower than the value of 4.2 g kg 1 , reported by Francelli et al. (2007) . For Mg, the average content in the grain, 1.74 g kg -1 , is similar to those reported by Fageria et al. (2008) , but for S, the average value of 1.54 g kg -1 is lower than those observed by Moura (1998) , ranging from 2.3 to 2.6 g kg -1 , and Mesquita et al. (2007) , 3.6 g kg -1 .
The average levels of micronutrients B, Cu, Fe, Mn and Zn were, respectively, 13.28; 7.91; 63.86; 15.17 and 32.53 mg kg -1 . The descending order of concentration is Fe, Zn, Mn, B and Cu. The average content of B was two times higher than that reported by Ribeiro et al. (2008) . Yet the Mn, Fe and Zn contents were similar and the Cu content was lower when compared to Ribeiro et al. (2008) and Fageria et al. (2008) . The elements Fe, Mn and Zn had wide range variation, being 19 mg kg -1 for Zn and 89 mg kg -1 for Fe.
According to Ribeiro et al. (2008) , from the knowledge of the mineral composition of microminerals in beans, it will be possible to implement specific diets with nutritional, therapeutic and/or preventive purposes, which will allow the beans to be used as a nutraceutical food. Today, there are national and international breeding programs, with funding, for the biofortification of products and for increasing the levels of Fe and Zn in beans. Whereas Zn is part of approximately 300 human enzymes, the use of bean cultivars with high Zn content in the supplementation of diets consists in a lower-cost, practical alternative, which would not alter the feeding routine of the Brazilian people (Ribeiro et al., 2008) .
The average content of Co and Mo in the grains were 0.22 and 0.85 g kg -1 , respectively. These minerals are required in small amounts by plants, hence the low levels in the grains. Table 1 -Average, maximum and minimum values, amplitude of variation and coefficient of variation (CV) of the 100-grain mass (100 GM) and of the contents of mineral elements in grains of the common bean cultivar Pérola, from 86 samples of grains, coming from the municipality of Cristalina, GO. Table 2 shows the values of the Pearson correlation between the contents of mineral elements in the beans. Several significant correlations were observed, positive or negative, between the elements. The significant correlations of the K element with seven other elements, being positive with S, Cu, Fe (p<0.0001) and Mn (p<0.0005), and negative with B, Co and Mo (p<0.0001), are highlighted. Positive correlation between two elements means that a higher content of one implies a higher content of the other. Ribeiro et al. (2008) found a positive correlation between Cu and Zn in an evaluation of the micronutrient contents in bean cultivars, in two sites. Positive correlations between various minerals were observed by Beebe et al. (2000) , in bean genotypes assessed in Colombia, noting that in breeding works, increasing the value of a mineral will result in changes in another. ns , *, **, respectively: non-significant, significant at 5% and 1%, by t-test.
In view of the foregoing, it can be seen that even for a standard cultivar in terms of grain size, in this case the cv. Pérola, expressed by its mass, if not given the necessary conditions for the plant regarding the different factors of production, the same would not be able to produce grains according to its market pattern, with consequent decrease in the commercial value. It is also important to note that the amounts of nutrients that are removed from the soil, by grain exportation, must be replaced through the fertilization of the culture, to maintain soil fertility in grain producing areas.
Conclusions
The 100-grain mass of the cultivar Pérola has wide range of values, ranging from 17.30 to 33.50 grams.
The quantitative composition of the mineral elements in grains of the common bean cultivar Pérola is, in descending order, K, P, Mg, Ca, S, Fe, Zn, Mn, B, Cu, Mo and Co.
There is a significant correlation between the mineral elements present in beans, highlighting the positive correlation of K with S, Cu, Fe and Mn, and the negative correlation with B, Co and Mo.
